About Effective Cache Miss Penalty on Out-of-Order Superscalar Processors by Seznec, André & Lloansi, Fabien
IS
SN
 0
24
9-
63
99
appor t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
About effective cache miss penalty on out-of-order
superscalar processors
Andre´ Seznec, Fabien Lloansi
N˚ 2726
Novembre 1995
PROGRAMME 1
 
			ﬀ	ﬂﬁﬃ !#"	%$ﬀ'&)(*$ﬃ!+,'-.+/10324	50
6ﬀ"	03!'&70"806	!!106
9;:3<>=@?
AB)ADC
:
AFE/GIH6JLK!MNA
:POQSR
J
:3T
M8U
V!WYX[Z\W^].__;`5abdcWfehgLikjY`le^jYmLWh`no,].W^].pkprq`pk`n7sut,].nh`nvD`1vFX\wLwx`y`n7suWLx`nh`7].mDz8`jnY{DnYj7q`_`ynvDiknYjYWhiktLmx`n
V!WYX7| `j5}]~oLn
].oLo/X\WhjvF`WY`7ehgL`yWfehgL`#wD\[\bX.\`y_tLWY`'a7\[Łbuao,].Z[`n
yl.,.[LX[W_].wD{1{[`7].Whn7sujYgL`o/`WSX[WY_].w,e^`X~@_ie^WhX\oLWhXLe^`nYnhX\Whng,]~nvD`o/`w,vD`7vX\wjYgL`_;inhnW^].jhiX'X.
6aey]\ehgL`nl1gu`1 gLX[pk`1oLWhXLe^`nYnhX\W' X[mLpvnYj^].pkp!X\w¡]e][ehgL`_iknYnlgu`e^X\wDjYWhiktLmLjYikX[w8X.]e][ehgL`_iknYnjhX
jhgL`1` zF`le^mLjYikX[wjYik_` ].n` zu][e^jYpk{jYgu`1_;inhno,`yw,].pkj{D5¢i_;ikjYikwLZ'jYgL`'_iknYnW^].jhiX;X\w¡6a1e][ehgL`ng,]~nt/``w]
_]|^X\W6inhnYmL`SX[W3jYgu`5p]~nYjjY`w{\`l].WYnl3£DjYm/vDik`nnYgLX. `7vjYg,]~j7s[SX[We^muWYWY`yw¤jey]\ehgL`nYik¥`nls,¦[X[W~§1tD{DjY`ne][eYgu`
tLpkXLeh¨Dn ]~n]'Z\XDXLvjYW^]\vD`yX.©3
!XLvL]l{DsljY`7ehgLwLX[pkX\Z\{'g,]~nehg,].wLZ[`7v)3ªX[nYjX.)jYgL`wL` pk{].wLwLX[mLw,e^`lvoLWhXFe `nYnhX\WYnik_;oLpk`_`wDjI][`WY{e X\_«
oLpk`^znhmLo/`WYn^e].p].W_;ie^WYXD].WfehgLikjh`7e^jYmuWY`].pkpkX. ikwLZX[mLj«X.¬«rX[WfvD`W`^zL`7e^mujYikX\wI3­w;jYgL`nh`oLWYXLe^`nhnYX[WYn7suikwLnYjhWYm,e^jhikX\w
`^zL`7e mLjYikX\w®e^X\wDjYikwDmL`n guipk`3ae][eYgu`_iknYnh`n].Wh`nY`Wh¤ie^`lvtD{ﬀ]'oLiko/`pkiwu`7v>e]\ehgL`\
¯w;jYgLikno,].o/`WlsD `nYgLX. °jhg,].jlsDX\wnhm,ehgﬀnhmLo/`WYn^e].p].WouWYXLe^`nhnYX\Whn7s/jYgu`5` ©±`7e jYik\`e^X[w¤jhWYiktLmLjhikX\wX.3]e][eYgu`
_;inhnIjhXjYgu``^zL`7e mLjYikX\wjhik_`!ikn@²[mLikjY`vDiknYjhiw/e^j!X.LjYgL`_;iknYn)mLnh`o/`w,]~pj{SX\W>jYgL`_iknYnhikwLZvL].j^]X[WIikwLnYjhWYm,e jYikX\wI
³`].pknYX8nhgLX. #jhg,].j'jYgL`I®e]\ehgL`tLmunY{jYik_;`1t/`7e^X[_`n]_]|^X[W5t/X\jhjYpk`wL`leY¨´].w,vµjYg,]~jvF`7e^WY`l].nYikwLZjhgL`
vD`y_ﬀ].w/vD`7vjhgLWYX[mLZ\guoLmLj'X\wjhgLikney]\ehgL`8jh`w,vDnjhX¡t/`7e^X[_`_;X\Wh`i_;o,X[WYj^].wDjjYg,]~wpkik_ikjYikwLZ;jYgL`83a;_iknhn
W^].jYikX/guinr]l\X[WYnjhgL`mLnh`X.3nYguX\WYje][ehgL`tLpkXLeh¨ﬀnhik¥`n7LX[We^mLWYWh`wDj3a1ey]\ehgL`nhi¥y`n].w,v8]all«tD{¤jh`tLmLn7s
]altD{DjY`tupXLeh¨nYik¥`%innYguX. wﬀjhXt,`']Z[X¤XLv;jYW^]\vD` «rX~©
¶;·D¸)¹Yº»/\¼!.d­mLj½«rX~«rX[WfvD`yW`^zL`7e^mLjhiX[wIs,}][ehgL`tLpkXFeh¨;nYik¥`\su`^©±`le^jYik\`%_iknYno,`yw,].pkj{
¾¿À
ÁNÂÃlÄ
À
ÁÅ3ÆkÂÇrÈ É
Ê/Ë.ÌÎÍ)Ï,Ð ÑSÒÏ,ÓÍ¢Ô\Ó^ÑÕÌÎÓ^Ö×ÖÎØ6ÍÙ.Ô.ÔDÐ^ÑrÕNÚYÛ6Ü.ØÝ/ÞIß@à%áâÌ×ãäÕNÚÑNåæ,ßIÝ%Ô.ÑÐ^çSÚhèYÕ/éêDéëIì3í
î
ÍSÚhïã\Úhèfð¢Ì×ÑSÌÎÍNÓ.ñ òâÑfó ôlÖÎÐÓhã\ÍÌð¢Ì×ÑNÌ ÍNÓ.ñ òâÑ
Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : (33) 99 84 71 00 – Te´le´copie : (33) 99 84 71 71
   "803'"' 28	 &7 "
 
	%$ﬀ&.
 
	 30&7	 2
 
	5-['3 28	 	 6ﬀ0 &7	5
"806	!!	%ﬀ03 6ﬀ"	03!'&7'703	
 
	
 
	3'$1 28'$ﬀ &7	 2
 
	5!'032803	
·F	
·5]~wLn@e `j].WhjYie^pk`\sywLX\mLn!_;X\wDjYWhX\wLnI²[mL`\slo/X\mLW!pk`n!oLWhXFe `nYnh`mLWYn`^zx`7e^mujf].wDj!pk`n!ikwLnYjhWYm,e^jhikX\wLn3vL]~wLn
pk`vx`nhX\W^vDWY`\sDp]e X\wDjYWhitumLjYikX\w'`^©)`7e^jhi[`5]~mjY`_;oLnv `^zx`7e^mujYikX\wv mLwvx`^r].mujvD`e][eYgu``nhjjhW7q`nvDiâ©5x`yWY`wDjY`vDm
jh`_oLnvF`5nh`WYDie^`1vFmvx`^r].mujo,]~Wpk`ey]\ehgL`nY`7e X\w,vL]~ikWY`\)X[mLn_X[wDjYWYX[wLn]~mLnYnhi@²[mL`p XLee mLo,].jhikX\wﬀvFmﬀe][eYgu`
nh`7e^X\w/vL].ikWY`vD`y¤ik`wDjpk`Z\X\mupX[jvhx`jhWf].wuZ\`_;`wDj3_ﬀ]| `mLW3o/X\mLW6p`yno/`WNX\WY_].w,e `noupmun²[mL`pk`j^].mDzvD`vx`^r]~mLj
nhmLWpk`ne][ehgL`n7)}`7e i@jh`w,vq]r]~iWh`oLWLx`^\x`WY`Wp mLnf]~Z\`v mLwL`j^].ikpkp`vD`tLpkXLeo/`jhijh`\s/j{DoLi²\mu`_`wDjvD`p]j^].ikpkp`
vDmtLmunWY`ypi]~w¤jpk`e]\ehgL`nh`7e^X[w,vL].ikWh`1].me]\ehgL`ouWYik_ﬀ]~iWh`\
  
$1303;2®ﬀ7$
ª8]~wD{1wL`y p{]~wLwLX[mLw,e^`7voLWYXLe^`ynYnYX[WYn DsDLsDŁ)i_;oLpk`_`yw¤j!]\`yWY{e^X[_oLpk`^z1nhmLo/`WYn^e].p].W_;ie^WYXD].WfehgLikjh`7e^jYmuWY`
]~ppkX. ikwLZX[mLj«X.¬«rX[WfvD`W`^zL`7e^mujYikX\wI/­wﬀjhgL`nh`oLWYXLe^`ynYnYX[W7s/ikwLnYjhWYm,e jYikX\w`^zL`7e^mujYikX\w8e^X[w¤jhikw¤mu`n gLikpk`53ae][eYgu`
_;inhnY`n]~WY`nY`yWYDie^`7v)
cwLX\jhgL`W!jY`leYguwLX\pkX\Z[ie].p[jYWY`yw,vikn>jYgL`pki_;ikjY`7v3aey]\ehgL`nYik¥`\l X_ﬀ]y|^X\W)e^X\wunYjYW^].ikwDjYn!pkik_ikj,jhgL`3a3e][eYgu`
nhi¥y`\)IikWhnYjjYgu`][ee^`nhnjYik_`X\wjhgL`1e][ehgL`ikw,e^Wh`7].nh`n ikjYgjhgL`e]\ehgL`nhik¥`ka7YL£D`7e X\w,v)su_mLpkjYikoLpk`]\eye^`nYnh`n
X[w 6aey]\ehgL`].Wh`wL``7vF`7vikw¡];nYikwLZ[pk`e^{Le^pk` gL`ywjYgL`'nYmLo/`Whnfe]~p ]~WvF`Z\Wh``ikw,e^Wh`7].nh`nka7¦Y)gu`WY`^NX\WY` `
t/`pkik`\`jYg/].jjYgL`nYik¥`X.!jYgL`3ae]\ehgL`n ikpkp/WY`_].ikw1pkik_ikjh`7vNikwjYgu`
	l«Y¦\t¤{Djh`nW^].wLZ[`LuX\WjYgu`nY`e][eYgu`
nhi¥y`n7s/tLpkXLeh¨nYik¥`nX.a7%jYX~§1tD{DjY`npk`7]\vjYXjYgu`t,`ynYj_;iknYn3W^].jYikXka7Y
­wjhgL`nY`;oLWYXLe^`ynYnYX[WYnls3jYgu`ﬀIe][ehgL`jhWf].wunf]\e jYikX\wLn].Wh`Z\`wu`Wf]~ppk{®oLiko,`ypikwL`lv].w,v®_].wD{jYWf]~wLnf][e^jYikX[wLn
_]l{t/`o,`w/vDikwLZ5]~j@jhgL`nf]._;`3jYik_;`\gL`>e][ehgL`ikn@]nYg,]~WY`7v'Wh`nYnhX\mLW^e^` gui ehgg/].n!jYXnY`yWYDie^`ikwLnYjhWYm,e^jhikX\w
]~w,vvL].j^]'_iknYnh`n7sutLmLj].pknhX1 Whijh`nN`ikjYgL`yW WYikjh`jYgLWhX\mLZ[gWY`7²[mL`nhjYnX\W WhikjY`t,][eh¨WY`l²\mu`nYjhns>].w,v;_ﬀ]l{Dt/`
]~pnhXoLWY` S`jfehgL`yn]~w,v` zFjh`WYw/].p!jYW^].wLn^]\e^jhiX[wLnSX[W_ﬀ].ikwDjf]~ikwLikwLZ_;`_X[WY{e^X\wLnhiknYjY`yw,e^{D
¯w4jYgLikno/].o/`W7s) ``^zLoLpkX[WY`'jYgL`'oLWY`le^iknY`o/`WSX[WY_].w,e^`%i_;o,]\e jX.3oLiko,`ypikwL`lv8I;e]\ehgL`n%X\w8jhgL`1o/`W½SX\W½«
_].w,e^`X~@X\muj«X.«X\W^vD`W`^zL`7e^mujYikX\w8_;ie^WYX[oLWYXLe^`nhnYX[WYn7u³`nYgLX. PjYg,]~j7suX\wnYm,ehg8nhmLo/`WYn^e].p].WoLWYXLe^`ynYnYX[W7s)jhgL`
`^©)`7e^jhik\`e^X\wDjYWhiktLmLjYikX[wX.3]e]\ehgL`%_iknYn3jhXjYgL`%`^zL`7e^mLjhiX[wjYik_`in²[mLikjY`vDiknYjhikw,e^jX.3jhgL`_iknYnmLnY`o/`w,]~pj{
SX[WjYgL`_;inhnYikwLZ1vu].jf]'X[WikwLnYjhWYm,e^jhikX\wI
c e {Fe p` «rtD{[«½e {Fe p`4nYik_mLp].jhiX[w¡X~1].w°].Z[Z\WY`ynYnYik[`ﬀX[mLj«X.¬«rX[WfvD`W` zF`le^mLjYikX[w°_ie^WhX\oLWhXFe `nYnhX\Wﬀ]~w,v X.ijhn
e][ehgL`gLik`W^].W^eYgD{®nYgLX. n%jYg,]~jjYgL`>8e][eYgu`tLmLnY{®jYik_;`1t/`7e^X[_`n1];_]|^X\Wt,X[jYjhp`ywL`7eh¨®SX\Wo/`WNX\WY_].w,e `\
cn5]%WY`nhmLpkj5vD`7e WY`7]~nYikwLZjhgL`1vD`y_ﬀ].w/vD`7vjhgLWYX[mLZ\guoLmLjX\wjhgL`Ie][eYgu`jY`w/vDnjhX1t/`7e^X[_`_X[WY`ik_;o,X[WYjf]~wDj
jhg,].wpkik_ikjYikwLZjYgL`16a_;iknYn3W^].jYikX/DgLikn3r]l[X\WhnjhgL`mLnh`5X~@nhgLX\Whje]\ehgL`tupXLeh¨nYik¥`yn7)LX[We mLWYWh`wDj53ae][eYgu`
nhi¥y`n]~w,v]all«t¤{Djh`tLmun7sD]a7tD{DjY`tLpkXLeh¨1nhi¥y`in6nYgLX. wjhXt,`]Z\XDXLvjhWf]\vF`^«rX~©D£Dikw,e^`jhgL`5>e]\ehgL`tLmLnY{
jhi_;`t,`le^X\_;`njYgu`ﬀ_]|^X[WiknYnhmL`\s!ik_oLpk`_;`wDjYikwLZ]4oLWY` S`jfehg´_`leYg/].wLiknY_ g,].n'jYX4t,`e].mLjhikX\mLnhp{®nYjhm,vDik`7v
oLWh`^S`j^ehgLikwLZ8_ﬀ]l{;pkX¤]\vmLnY`pk`nhnvu].jf];X[W5ikwLnhjYWhm,e^jYikX[wLn7s)ikj_ﬀ]l{; ]~nYjh`Iey]\ehgL`t,]~w,vD ivDjYg].w/v¡vD`le^WY`7]~nY`
o/`WNX\WY_].w,e `\
gu`1Wh`_ﬀ]~iw/vD`WX.jYgL`o/].o/`WiknX\WYZD].wLik¥`lv¡]~nSX\pkpkX. n7u¯w £F`7e^jYikX[wLs) `1` zFoup ]~ikw¡ gD{8jhgL``^©)`7e^jYik[`
e^X[wDjYWYiktLmujYikX\w8X~]_;iknYnjYX;jYgL`'`^zL`7e^mujYikX\w8jhik_`ikn\`yWY{¡vDiﬀe^mupjjhX_;XFvF`pki¥y`X\w8X[mLj«X.¬«rX[WfvD`W`^zL`7e^mLjhikX\w
_;i e WYX\ouWYXLe^`nhnYX\Wl3¯w°£D`7e jYikX\w°¦Ls> `ﬀouWY`nh`wDjﬀvDiâ©)`WY`wDj;oLgL`wLX[_`w/]8g,]~oLo/`wLikwLZ®iw jYgL`®I®e]\ehgL`\6gL`nh`
oLgu`wLX\_;`w,]%jY`w/vjYX'r]l[X\WjYgL`mLnh`X.!nY_].pkp,tupXLeh¨nYik¥`yn7/¯w8£D`7e^jhiX[w§,sD `vF`nfe^Whikt,`'jYgL`oLWhXLe^`nYnhX\WnYik_mD«
p].jhX\WlsDjYgL`t/`w,ehgL_].Wh¨¤n]~w,v;jYgL`%nYik_mLp].jh`7v'_`_;X\Wh{1gLik`W^].W^eYgD{D,V>`W½SX\Wh_ﬀ].w/e^`Wh`nYmLpkjhn]~WY`oLWh`nY`wDjh`7v].w,v
]~w,].pk{D¥`7v;ikw8£D`7e^jhiX[w8ŁLL£D`7e jYikX\w8'nYmu__ﬀ]~WYik¥`n6jYgLiknnYjhm,vD{D
ﬁﬀﬃﬂﬃ "!$#&%('
mL_`WhX\mLnnhjYm,vFi`yng,]l[`ﬀikwD\`ynYjYikZD].jY`lve][eYgu`8t,`yg,]lDiX[WYn]~w,v _ﬀ].wD{®g,].W^vD ].WY`_;`7ehg,].wLiknh_ng,]l[`t,``yw
oLWhX\o/X\nh`7vjYXpkik_ikj!jYgu`5_;iknYnWf].jhikX]~w,v;jYgL`ik_o,][e^jX.@_;iknYnY`ynX[wﬀo/`W½SX\Wh_ﬀ].w/e^`\Lu` `yWnYjhm,vDik`ng,]l\`t,``yw
vDX[wL`X[wwLX\wF«rtLpkXLeh¨DiwuZey]\ehgL`n)].pknYX1ey].pkpk`7v'pkXFeh¨[«mLo'SWY`y`5e][eYgu`nka§*+3].w/voLiko/`pkiwu`7v]\ee `nYnh`njhX¤I%e]\ehgL`\
WhX.Sjka§*I ].njhgL`-, WYnhjX[wL`jYXe^X[wLnYivD`W]ouWYXLe^`nhnYX\W gLiehg8vDXD`nwLX[jnYjf]~pkp)X\w¯N«½ey]\ehgL`_;inhnY`nl
£FX\gLi)].w,v;LW^].wL¨Dpkikwka7IikwD\`nhjYikZ¤]~jY`7vjYgL`X\WhZ¤]~wLiknf].jhikX\wX.3]_mupjhiko,X[WYj!wLX\wF«rtLpkXLeh¨DiwuZ13ae]\ehgL`[LgL`{
_].ikwLpk{;SXLe^mLnYnh`7v X\wjhgL`ﬀ6aX\WhZ¤].wuin^].jhiX[w ]~w,vnhgLX. `7v®jYg,]~j]43ae][ehgL`_]l{8t,`;tLmLikpv8 ikjhgikwDjY`Whp`l]l«
[`7v¡ey]\ehgL`'t,].wL¨Dnl/.X. `y\`WjYgu`{¡vDivwLX[j5e^X[_oLpk`jh`pk{nhi_mup ]~jY`jYgL`'nYmLo/`Whnfe]~p ]~WoLWhXFe `nYnhnYX\W0SwuXtLW^].w,ehg
oLWh`7vDie^jhiX[wIsIk1].w,v;jYgu`5 guX\pk`_`_;X\WY{%gLik`Wf]~WfehgD{2NikwLnYjhWYm,e^jhikX\w8e]\ehgL`[sL WYikjh`WY`7²[mL`ynYjYnlsk3
/].Wh¨\].n].w,v04[X\mLoLoui& 5I`^zLoLpkX\Wh`7v;jYgL`1]~pkjY`Whw,].jhi[`ik_oup`y_`wDjf]~jYikX\wun@X~@wLX[wD«tLpkXFeh¨DikwLZe]\ehgL`nl
¦
gu`mLnY` SmLpkwL`nhnX.3wLX[wD«tLpkXFeh¨DikwLZvL].j^]'pXD]\vDnikw_mLpkjYikoLpk`^«iknYnhmL`oLWhXLe^`nYnhX\Whng,].nt/``w®nYjhm,vDik`7vtD{,]~W«
¨\]~n5`yj1].p ×¦Y,gu`nYjYm/vD{¡e^X[w,e^pkm,vD`n%jYg,]~j5wuX\wD«tLpkXLeY¨DikwLZ;pXD]\vDn]~w,vnYjhWY`7]~_tLmD©)`WYn1]~WY`[`WY{8` ﬀe^ik`wDj5jhX
`wug,].w,e `ﬀo/`W½SX\Wh_ﬀ].w/e^`\s!wL`[`WYjhgL`pk`nhnjYgu`_XLvD`ypmLnh`7vµSX\W%jYgL`;`^zLjY`Whw,].p_`_;X\WY{nh{¤nhjY`_ r>¡ey]\ehgL`X[W
_].ikw_`_;X\Wh{in\`yWY{o,XDX[WLe^X[w¤jh`wDjYikX\wunX\wjYgL`'I'e]\ehgL`1]~WY`wLX[jnYik_mLp].jh`7v)
 
		 ﬁﬃ7! "	%$ﬀ'&)( -[10$+,87"
 
ﬀ	
ª8]~wD{wL` pk{1]~wLwLX\muw,e^`7v'oLWhXLe^`nYnhX\Whn)S`\ Z,.V&	usl¯w¤jh`p,V3us\ª¯YV3£%a/ik_oLpk`_;`wDjI][`WY{e^X[_oLpk`^z
nhmLo,`yWYnfey].p].W3_;ie^WYXD].WfehgLikjh`7e^jYmuWY`6S`7].jhmLWYikwLZX\mLj½«rX~«X\WfvF`W!`^zL`7e^mLjhiX[wIl¯wLnYjhWYm,e jYikX\w`^zL`7e mLjYikX\we^X[w¤jhikw¤mu`n! gLikp`
6ae]\ehgL`_;inhnY`n'].WY`;nY`WhDi e `7v t¤{]oLiko/`pkikwL`7vI4e]\ehgL`\!guin'I8e][ehgL`_ﬀ]l{t,`;X.©/«½ehgLikoN`\ Z,!ª¯YV3£
%a%X\W¯wDjY`p!V3 X[WX\wD«YehgLiko2N`\ Z 
	3}PLa[a7~§ 
³`%`^zLoLp].ikwgL`WY` gD{jYgu`vD`yp ]l{wL`y`7vD`7v4SX[Wnh`WYDie^ikwLZﬀ];_;inhnX\w8nhm,ehg¡X[mLj«X.¬«rX[WfvD`W`^zL`7e^mLjhikX\w®oLWYX~«
e^`ynYnYX[WYnvDXwLX[jwL`7e^`ynYnf]~WYikpk{WY`nhmLpkjiw8]%nYik_ikp].W6pX[nYnikw` zF`le^mLjYikX[w8jYik_`[
 
 ﬀ  ﬂﬀﬂﬁ #&%

ﬃﬃ! -%(#"-#"#
%$
 #& '

ﬃ'(ﬀ)! 

­w_X[nYj!_ie^WhX\oLWhXFe `nYnhX\WYnikwDjYWhXLvDm,e^`7v;t/`^SX[WY`1al\~§,sD]_iknYn6X\wjhgL`ikwLnhjYWhm,e^jYikX[wﬀX[Wvu].jf]%e]\ehgL` ].nWY`nhmLpâ«
jhiwuZiw]e^X\_;oLpk`jY`nYj^].pkp)X.!jYgL`ouWYXLe^`nhnYX\WoLiko/`pkikwL`\
­w8jhgL`nh`oLWYXLe^`nhnYX[WYn7s>jYgu`1o/`w,]~pj{4o,].iv;X\w®`^zL`7e^mLjhikX\w®jYik_`SX[W5]6a1e][ehgL`_iknYnikn²\muijh`1nhik_oLpk`jhX
_;XFvF`pki¥y`\\gu`5jhik_`NX\WnY`Wh¤ie^ikwLZ]%_iknhne^X\wunYiknYjhnikwﬀ]%p].jY`yw,e^{+*µSX[W][ee^`nhnYikwLZ;jYgL`-, WhnYj X\WfvSWhX\_#jhgL`
_;inhnYikwLZ'tLpkXLeY¨oLpkmLn]~w8`^zLjYW^]o/`w,]~pj{-,'o,].ivSX[W`7]\ehg8`^zLjhWf]; X[Wfv;ikwjYgL`'tLpkXLeY¨)L¢`j/. t/`'jYgL`wDmL_t/`W
X~ X\W^vDnikwﬀ]e][ehgL`tLpkXLeh¨±sLuX\Wh_mLp]'aWY`oLWh`nY`yw¤jhnjYgL`jhik_`SX[WnY`Wh¤ie^ikwLZjhgL`_iknYnl
*10 2.43´a65&,87:97<;>=? fa*
*Pikw,e^pkm,vF`njYgu`vD`p]l{SX[W1ehgL`7eh¨DiwuZﬀjhgL`_;iknYn7s/vDWYikDikwLZjYgL`][vLvDWh`nYn'oLikwLnSX[W]\ee^`ynYnYikwLZ4jYgL`;`^zLjY`Whw,].pI
e][ehgL` SX[W5_].ikw_;`_X[WY{(sDWh`7]\vFiwuZﬀjhgL`Ie]\ehgL`].w/v8Z[`jYjhiwuZjYgu`vL].j^]ikw8jYgu`oLWYXLe^`nhnYX[W7s!].w,vWh`nYmu_`
jhgL``^zL`7e^mujYikX\wILuX\WikwLnYj^].w,e `\sLX[w1ªgL¥VI`yw¤jhikmL_#nY{DnhjY`_;n7sD_ikwLik_'mL_@* iknŁ1e^{Le^pk`n]~w,v;_ikwLik_'mL_@,ikn
X[wL`e^{Le^pk`\
¯w4X\WfvF`WjYXpkik_ikjjYgL`'o/`w,].pkj{X\w4`^zL`7e^mLjhiX[w¡jhik_`\suiw4_ﬀ].wD{ik_oup`y_`wDjf]~jYikX\wun7s[jYgL`'_iknYnhikwLZ1 X\W^vikn
Wh`jYmLWhwL`7v , WYnhj7/gL`` zF`le^mLjYikX[w¡e].wjhgL`w8t/`WY`ynYmL_;`7v8].nnhXDX\w8].njYgL`_;iknYnYikwLZ% X[Wfv;iknoLWY`nh`wDj7sA*´e^{Le^pk`n
]äSjY`W%jYgL`'t,`yZ\ikwLwLikwLZX.jYgL`_;inhnnh`WYDie^ikwLZ,¢¯w¡jhgLikney].nY`[s/SX\W`7][ehgiw/vDik¤ivDm/].pI_;iknYn7sujYgL`pkX[nYj`^zL`7e^mLjhikX\w
jhi_;`ikn].j_ikwLik_'mL_B* e^{Le^pk`nCDjhgL`5]l[`Wf]~Z\`o,`w/].pkj{1X[w`^zL`7e^mLjhikX\wjYik_`ikn3nYpkikZ\gDjhp{'gLikZ\gu`W3jYg/].w+* e^{Le^pk`n7s
t/`7e]~mLnY`]ﬀey]\ehgL`_iknhnnY`Wh¤ie^ikwLZ4_ﬀ]l{t/`vD`p]l{\`7v4tD{8jYgu`1`w/v®X.];oLWh`DiX[mLne]\ehgL`_;iknYnnh`WYDie^ikwLZX\W]
 Whijh`mLo)vL].jh`\
D;»/7LFEN»HG
uX\W3e^X[w¤[`wLik`w,e `\s\ikwjhgL`WY`y_ﬀ].ikw,vF`WIX~±jhgL`o/].o/`W7s,jYgL`][ee^`nhnjhik_`3X~,jYgL`>e][ehgL`cªn
 ikpkp)t,`e]~pkp`lvjhgL`Iä«½e^{Le^pk`\
I J
A ﬀ  ﬂﬀLK %

#

#



A ﬀ  ﬂﬀ #M"#"# ﬂN #)ﬁON5# %( ﬃ% 6P A6# ﬂ

#"ﬂQ

%(#

% #)N


# %

­wWY`le^`wDjYpk{].wLwLX[mLw,e^`lv8_;i e WYX\ouWYXLe^`nhnYX\Whn×Ds)ŁLsIYs)].Z[Z\WY`ynYnYik[`X\mLj½«rX~«rX[WfvD`yW`^zL`7e^mujYikX\wiknik_oLpk`_`wDjh`7v
]~w,v!R.X[WoLiko/`pkikwL`7vI;e]\ehgL`n]~WY`mLnh`7v)/³``^zLoLp]~iwgL`yWY`\s/ gD{jYgL`` zF`le^mLjYikX[w¡jhi_;`X[w8jYgL`ynY`'oLWYXLe^`nhnYX[WYn
ikn_`yWY`pk{pk`nYn]l©)`7e^jh`7vtD{`7][ehgﬀikw,vFiDivDm,]~p±ey]\ehgL`_;inhnjhg,].w;ikwﬀjhWf][vDikjYikX\w,]~p,nh{Dw,ehgLWYX[wLX\mLnoLWYXLe^`ynYnYX[WYnl
§
>ikWYnhjpk`jmLnvD` ,/wL`jYgu`j XvDiâ©)`WY`wDjwLX\jhiX[wLn7sDjhgL``^©)`7e^jYik[`pk{ﬀ_;iknYno,`w/].pkj{ﬀ]~w,vjhgL`mLnh`5o/`w,]~pkj{/
 ;·"G ENFES» G
	ﬁﬀﬃﬂ !"ﬀ#%$&!ﬂ(')*ﬀﬃ+,)-ﬀ#.)/.01)2ﬀ43($5ﬀ476)3.8)ﬀ9.&1)ﬀ9#3:5;<=-ﬀ#
>@?A1)B1*C:$Dﬀ#Eﬀ9FGﬀ#H$5ﬀ4%6)3.28)ﬀﬃ.C1*ﬀ9#32;%!HI!B'J@/53.&K
­w¡]%_iknYnls\jhgL`Wh`1ikn]'_ikwLik_1mu_ mLnh`5o/`w,]~pkj{+*µSX\WmunYikwLZ'jYgL`1vu].jf]u
 ;·"G ENFES» GJL	7MN)1*ﬀﬃ=IOPFHQ0ﬁﬀﬃﬂR!ﬀSCP.0):T1)3Cﬀﬃ.&S'&ﬀ9#3Uﬀ43Pﬀ#7)VB)1&ﬀ9#3WﬀﬃF73X/<P>@?
1)B1*C"F"!)&K
­w]X[mLj«X.¬«rX[WfvD`W!`^zL`7e mLjYikX\w;_ie^WhX\oLWhXFe `nYnhX\WYnls\jhgL`` ©±`7e jYik\`_iknYn!o/`w,].pkj{].nhnYXLe^i].jh`7v ikjYg]nho,`7e i ,)e
e][ehgL`1_;iknYnvD`o/`w,vDnX\wikjYn guX\pk`5e^X[wDjY`^zLj)]~wﬀiknhX\p].jh`7ve]\ehgL`_;iknYn_ﬀ]l{'t,`jhWf][vD`7vtD{jhgL`X[mLj«X.«X\W^vD`W
`^zL`7e mLjYikX\w>s. gLikpk`]W^].oLivnYm,eye^`nYnhikX\wX~,e]\ehgL`_iknYnh`nI ikpkp\pk`7][vjYXnYX[_`!oLWYXLe^`ynYnYX[W3nYj^].pkpkn7l¯wjhgL`Wh`_ﬀ]~ikw,vD`W
X~jhgL`o,].o/`WlsL `5 ikpkp)mLnh`jYgL`]l[`Wf]~Z\``^©)`7e^jYik[`_iknYno/`w,].pkj{D
³ gL`wjhgL`_iknYn6WY`nhmLpkjYnikwﬀ]'e^X\_;oLpk`jY`nhjf]~pp)X~IjYgL`oLWhXLe^`nYnhX\Wls,jhgL`mLnY`o/`w,]~pj{]~w,vjhgL`_;iknYn3o/`w,]~pj{
]~WY``7²[m,]~pY3mLjjhgL`1]l[`Wf]~Z\``^©)`7e^jYik[`_iknYno/`w,].pkj{_]l{1t/`r]~Wpk`nhnjYg/].wjYgL`mLnh`o/`w,].pkj{; gL`wX\mLj½«rX~«
X[WfvD`W`^zL`7e^mLjhikX\w8iknmLnY`7v¢
 ;Ll ~,5Z!·Fﬃ­w].w8X[mLj«X.¬«rX[WfvD`W`^zL`7e mLjYikX\w®_ie^WhX\oLWhXLe^`nYnhX\WlsI]vL]~jf]e][eYgu`1_;inhn5vDXD`nwLX[jnYjf]~pkp@jhgL`
 gLX[pk`5ouWYXLe^`nhnYX\WlI­w8]'pXD]\v_iknYn].je^{Le^pk`s/vD`o/`w,vD`yw¤jnhmLtLnY`l²\mu`wDjikwLnYjhWYm,e jYikX\wLne].wuwLX\jt,``^zL`7e^mujY`7v
t/`^SX[WY`e^{Le^pk`[0]\ ?= ^/=5_a`;cb 9Ls/ gLikpk`iw/vD`o/`w,vD`wDjikwLnYjhWYm,e jYikX\wLne^X[wDjYikwDmL`jYXouWYX\Z[WY`nhniwjhgL`oLiko/`pkiwu`\
£DmutLnY`7²[mL`yw¤jpkX¤][v!R.nhjYX[WY`ikwLnhjYWhm,e^jYikX[wLn_]l{8`\`yw°t,``^zL`7e mLjY`7v  gL`w°]®pkXLeh¨\«mLoµSWY`` SX\W'wLX[wD«rtupXLeh¨DikwLZ 
e][ehgL`iknik_oLpk`_;`wDjY`7v$ka§*Y)­wWY`7e^`yw¤j'_ie^WhX\oLWhXLe^`nYnhX\Whn7s>nY`[`Wf]~pe][ehgL`_iknYnh`n_ﬀ]l{;t,`o/`w,vDikwLZ4 gLikp`
jhgL``^zL`7e^mujYikX\w8X~@pkX¤][v!R.nhjYX[WY`ikwLnhjYWhm,e^jYikX[wLn5e^X[wDjYikwDmL`\
³ gL`wjYgL`SmLw,e^jhikX\w,]~pImLwLikjhniwjhgL`oLWhXFe `nYnhX\W-, w,v8]'nhm ﬀe^ik`wDjwDmL_t/`WX.3ikw,vD`o/`w,vF`wDj5ikwLnhjYWhm,e^jYikX[wLn
jhX1`^zL`7e mLjY`\s/jhgL`mLnY`o/`w,].pkj{ikngLivLvD`wI[cZ[Z\Wh`nYnhi[`e^X\_;oLikp`yW3jY`7ehgLwuX\pkX\Z[{_ﬀ]l{n^eYgu`7vDmLpk`ikwﬀ]\vF\].w,e^`pkX¤]\v
ikwLnhjYWYm/e^jYikX\wun gLiehg8].WY`nhmLnYo/`7e^jh`7v8jhX_iknYn-×Ds>aﬁ ysDjYgDmLn].pkpkX. iwuZ5jhX'r].WhjYgL`yWWY`lvDm,e^`jhgL`_;inhn3o/`w,].pkj{D
ªX\WY`yX.\`Wls,X[w¡jhgL`nh`_ie^WYX[oLWYXLe^`ynYnYX[WYnlsI]\ee `nYnh`n1jhXjYgL`I;e]\ehgL`]~WY`'oLiko,`pkikwL`7v4].w,v4_X[WY`jYg,]~w¡X[wL`
_;inhn_ﬀ]l{t/`nY`yWYDie^`7v]~jjYgL`n^]._`%jYik_`Wh`nYmupjhikwLZ8ikw ]~w ]l[`Wf]~Z\`'`^©)`7e^jYik[`_iknhno/`w,].pkj{8nhikZ\wLi,±e]~wDjYpk{
pkX. `WjYg,]~wjYgL`mLnh`o,`yw,].pkj{D
d:G3y7 3~EN»HG./5Z@· ­wX[mLj«X.«X\W^vD`W`^zL`7e^mLjhikX\w8nhmLo,`yWYnfey].p].W_;i e WYX\ouWYXLe^`nhnYX\Whn7suiwunYjYWhm,e^jhiX[wLn].Wh`Z\`wL` «
W^].pkpk{5Wh`7]\v]~j3]guiZ[gWf]~jY`\ mu`jYXvL].j^]vD`yo,`w/vD`w,e^ik`n]~w,v%WY`nhX\mLW^e^`5e^X[w8e,ie^jhn7s.jhgL``^zL`7e^mLjhikX\wmLwLikjhney].wLwLX[j
nhmLnYj^].ikw8jYgu`1n^]._``^zL`7e mLjYikX\w4Wf].jh`\/gL`Wh`^SX\Wh`1nhX\_;`][vD\].w/e^`X\wikwLnhjYWYm/e^jYikX\wS`jfehgLikwLZ;_ﬀ]l{t/`X\tujf].ikwL`lv)s
jhgLikn1ikno,]~WYjhi e mLp].WYpk{®jYWhmL` gL`yw ]4nY`7²[mL`w/e^` ijhgLX\mujikwLnYjhWYm,e^jhikX\w ey]\ehgL`_iknYnX[W1tLW^].w,ehg _iknYoLWh`7vDie^jhiX[w
ikn`w,e X\mLwDjY`yWY`7v)¢³°gLikpk`nY`yWYDie^ikwLZﬀ]~wﬀikwLnhjYWhm,e^jYikX[wﬀ_;iknYn7s[ikwLnYjhWYm,e jYikX\wLn].pkWY`l]\vD{;inhnYmL`lv_ﬀ]l{'t,`%nY`pk`7e^jh`7vSX\W
`^zL`7e mLjYikX\w>)¯w8nYX[_`1ey].nY`yn7s)iâ3`wLX[mLZ\g®ikwLnYjhWYm,e^jhikX\wLn `Wh`iknYnYmu`7v8ikw¡][vD\].w/e^`\s,]~w8ikwLnYjhWYm,e jYikX\w®_iknYn X\mup v
g,]l[`wLXik_o,][e^j3X\wjhgL``^zL`7e^mLjhiX[w8jYik_;`\
¯wunYjYWhm,e^jhiX[w¡]\eye^`nYnh`n'_ﬀ]l{].pknhXt,`wu` , jSWYX[_ ]oLiko,`ypikwL`lv8Ie][ehgL`\)¯wLnhjYWhm,e^jYikX[wLnZ\`wL`yWf].pkpk{` zFguituijhn
gLikZ[gnYo,]~jYi].p!pkXLe].pkikj{¤/¯wX[WfvD`W%jYX8pkik_ikjikwLnYjhWYm,e jYikX\w_;inhno,`w/].pkj{¤s/nh{¤nhjY`_].jhi e'ouWY`^S`yjfehgLikwLZ8X~jYgL`'r]~pkpÎ«
jhgLWYX[mLZ\g®tLpkXLeY¨Dn]lSjh`W].w8ikwLnhjYWYm/e^jYikX\we][eYgu`1_;inhn_]l{t,`'mLnY`lv¡]~n5X[w8jYgu` 
	3} ua\a7~§,ugLiknjY`leYguwLi²\mu`
_]l{ﬀ].pkpkX. PjYXnY``]_iknYno,`yw,].pkj{X\wLpk{jYgu`, WhnYj_;iknYn gu`w¡jhgL`Il«Ye^{Le^pk`].w,v4jYgL`'oLWhXFe `nYnhX\W1e^{Le^pk`]~WY`
`7²[m,]~p
Ł
  
#

!

 ﬂ! 



Q

ﬂﬃ 
c nYX[pmujYikX\w4SX\W%pik_;ijhikwLZjYgL`_;iknYno,`yw,].pkj{®_ikZ\gDj5e X\wLnhinhj1ikwmLnhikwLZ¡][`WY{® ivD`tLmLn0SX[W`^z,]._;oLpk`1jhgL`
 ivDjhgX.I]e]\ehgL`tLpkXLeY¨(ywDNX\WYjhmLw,]~jY`pk{'jY`7ehgLwLX[pkX\Z\ie]~pL].w,v'`7e X\wLX[_ie].p[r][e^jYX[WYnpki_;ikjYn)jYguin6 i vFjYgI.³ gL`w
jhgL`>e][ehgL`1iknX\wD«YehgLiko r]~nSX[WjYgu` 
	3} ua\a7~§ ysDjYgL`'o,X. `We^X\wLnhmL_oujYikX\wikn5]_ﬀ]|^X[Wpki_;ikjf].jhiÎX[wAC\jhgL`
 ivD`WjhgL`tLmLn ikpkp,t/`\sDjhgL`gLikZ\gL`Wt/`jYgL`o/X. `yWe^X[wLnYmu_oLjhiX[wI[³°gL`wjYgu`>1ey]\ehgL`iknX~©,«YehgLikoIsDoLikwD«X\mLj
ikn]'nY`yWYikX\mLnpkik_ikj^].jYikX[wIsljYgL`_;ikwLik_1mL_ e X\nYjX.!jYgL`1>1ey]\ehgL`ikn].pknhX]'_]|^X\We^X\w,e `WYwI
­w8e^mLWhWY`wDjoLWYXLe^`nhnYX[W5Z[`wL`W^].jhiX[wIsLmunYikwLZ]a7l«tD{DjY`tumLn ivDjhgiknjYgL`'vDX\_;iw/].wDj!jYWY`yw,v)
 
!+,'-.+/10324	50	ﬀ	7$ -\'036ﬁ '&.&ﬀ	  &7
¯w;jYgLikn3nh`7e^jYikX[wIsD `ouWY`nh`wDjnYX\_;`ougL`wLX[_`w,] gLieYg` zFoup ]~ikwLn3 gD{1jhgL`X[oLjYik_].pDtLpkXLeY¨'nYik¥`ikn3nY_].pkpk`W>SX\W
X[mLj«X.«X\W^vD`W`^zL`7e mLjYikX\w4_ie^WYX[oLWYXLe^`ynYnYX[WYnjhg,].w;SX[WnY{Dw,ehgLWYX[wLX\mun_ie^WhX\oLWhXLe^`nYnhX\Whn7
 & 	
ﬃﬃ! -%(#"-#"#
%$
 #& '

ﬃ'(ﬀ)! 

³°gu`wmLnYikwLZnh{¤w/eYguWYX\wuX\mLn3tupXLeh¨DikwLZe]\ehgL`nls.NX\W3e]\ehgL`nhik¥`niw'jYgu` 	 «½¦[ tD{DjY`Wf].wuZ\`\s\]~w,vSX\W3]WY`7]~pkinhjYie
p].jh`w,e^{-*Łl«Y¦e^{Le^pk`n ]~w,v_;`_X[WY{SX[W>1e][ehgL`]\eye^`nYnjYik_`ﬃ, fa^«Y¦e^{Le^pk`n sujYgL`X\oujYik_ﬀ]~p¤nhik¥`X.@jhgL`
e][ehgL`tLpkXLeh¨t/`j `y`w¡¦\'].w/vﬀ~§1tD{DjY`yn ka7Ds3	½
 &I 

ﬀ)! - 

 
 
 ﬀ)- #"# ﬂN #)ﬁON5#&%  % 6P 6# ﬂ

#"
­wWY`le^`wDjYpk{].wLwLX[mLw,e^`lv8_;i e WYX\ouWYXLe^`nhnYX\Whn×Ds)ŁLsIYs)].Z[Z\WY`ynYnYik[`X\mLj½«rX~«rX[WfvD`yW`^zL`7e^mujYikX\wiknik_oLpk`_`wDjh`7v
]~w,v!R.X[W3oLiko/`pkiwu`7vIey]\ehgL`n]~WY`mLnh`7v)D³``^zLoLp].ikw'gL`Wh`\sD gD{1jhgLikn3jY`w/vDnjYX]l\X\W!jhgL`mLnh`X~±nh_ﬀ].pkpLe][eYgu`
tLpkXLeh¨Dn7
 EZ5Z!.»  Z	> .,5Z!·Lﬃ£Do/`7e^i,±e>e]\ehgL`n].nhnYXLe^i].jh`7v ikjhg1jhgL`wL` pk{].wLwLX[mLw,e^`lv'oLWYXLe^`nhnYX[WYn
×Ls>a	Ds)Ł3g,]l\`]\`Wh{ﬀguiZ[gt,].w,vF i vFjYg>a7'tD{DjY`no/`W5e^{Le^pk`'X\w 
	3} La[a7~§X\WjYgu`ª¯YV6£8aFX[W
	
tD{DjY`no,`yW5e^{Le^pk`X\w¯wDjY`p!V3%SX[WikwLnhjf].w/e^`\
gu`ﬀ]\eye^`nYnjhik_`'jYX®jYgL`I®e]\ehgL`;in].pknhX8\`Wh{nYgLX[WYj*IX[w ]8vL]~jf]8ey]\ehgL`_iknYnls)jYgu`pkX¤][vvL].j^]_ﬀ]l{
t/`mLnh`7vŁe^{Le^pk`n]lSjh`WjYgL`;pXD]\vWh`^S`Wh`w,e^`X[w¡jhgL` 
	3} La\al.§].w,v®8e^{Le^pk`n1]äSjY`yWX\w®jYgL`¯wDjh`pV6X[W
ª¯YV6£8aFL
 ;Ll ~,5Z!·F*³ gL`w ][ee^`nhnY`nhn8jYX jYgL`¡>e][ehgL`¡].Wh`¡ouio/`pkikwL`7v´].w/v´_X[WY`jYg,]~w´X\wL`8_;iknYn_ﬀ]l{t/`
nh`WYDie^`7v´].j]jhi_;`WY`nhmLpkjYikwLZ8ikw]~w ]l\`yWf].Z[`DiknYiktLpk`'o,`w/].pkj{nYikZ\wui ,)e].wDjYpk{®pkX. `W%jYg,]~wjYgL`jYik_;`1Wh`7].pkpk{
nho,`wDjSX\Wnh`WYDie^ikwLZjYgu`5_;iknYn7
>ikZ\muWY`8aikpkpkmLnYjhWf].jh`n]nYikjYm/].jYikX[w¡ gL`yWY`jYgL`;mLnY`;X.5]nh_ﬀ]~pp3e][ehgL`pkikwL`pk`7]\vFnjYX]pkX. `yW`^zL`7e^mLjhikX\w
jhi_;`\[¯wjYguin` zu]~_oLpk`\s~jYgLWh``pkX¤][vDn].Wh`e^X\wLnhivD`WY`lvLpkX¤][vc ].w,vpkX¤]\v Y WY`nhmLpkjiw3a_iknYnh`n].w,vpXD]\v}
Wh`nYmLpkjhnikwﬀ]'3agLikj7D Xe]~nY`n].WY``wDDiknf]~Z\`7v)s3] ]'e]\ehgL`pkikwL` ivDjhg`7²[m,].p)jhX1jhgL`tLmLn ivDjYg8]~w,v Nt 
]e][ehgL`pkikwL` ivDjhgNX\mLWjYik_`ynp].WhZ\`Wjhg,].wjhgL`tLmLn ivDjhgI
¯wjhgLikn1nhik_oLpk`'`^z,]._oup`[s) `;g,]l\`].nhnYmL_;`7v®jYg,]~j]nYikwLZ\pk`][ee^`nhno/X\WYj'ikn1ik_;oLpk`_`wDjY`7v4X\wjhgL`83a
e][ehgL`\,ªX\WY`e^X[_oLpk`^z3ae]\ehgL`vD`nhikZ\wLn_]l{t,`e^X[wLnYivD`yWY`7vu_mLpkjYikoLpk`e]\ehgL`]\eye^`nYnh`ntD{jhgL`oLWYXLe^`nhnYX[W7s
vD`lvDie].jh`7v³WYikjh`5o/X\WhjiknmLnY`7vSX[WmLo)vL].jhiwuZ1jhgL`1e][eYgu`X\w]'_iknYnls,kk

ékã5ÓÑÚYÓ Ö\Ô.ÑÐ^ÑÓóÕË\Ú!ÍNÚﬁﬀyÙ\Úã\èhÚYÍ/Ð^òﬂÌÎÍSÍNÚYÍ)Ï/Ð^Ù.ÖÎÛÜDÚ3ÛlÌﬃ¤Ú½ÑrÚ½ãäÕuÏ/Ë\ÚãÙ\ÍÌ×ãÛlÌﬃ¤Ú½ÑrÚ½ãäÕFÜ.ÖÎÐ7èNÒ.Í)ÍÌÎïhÚYÍ!ñ.Ê/Ë.ÌÎÍIÚ 7Ó!Ô.ÖÎÚ)ÌÎÍ
Ð^ã.ÖÎØ" Ì$#ÚãÕNÐ3Ì×Ö×Ö×Ù\ÍNÕ¬ÑrÓÕNÚ/Ô.Ë\Úã\Ð!Úã\Ó!Ï/Ë.ÌÎèNËèYÓ^ãÛ.ÚYè½ÑrÚhÓÍSÚ¢Ô¤Ú½ÑSòkÐ^Ñ%Ó ãäèhÚ)Ï/Ë\ÚãÙ\Í¬Ì×ã!ÖÎÓ^Ñ&Ú¢Ü.ÖÎÐ7èNÒÍÌÎïhÚñ

